Amplified fragment length polymorphism (AFLP) DNA fingerprinting was investigated as a tool for fast and accurate identification of acetic acid bacteria (AAB) to the species level. One hundred and thirty five reference strains and 15 additional strains, representing 50 recognized species of the family Acetobacteraceae, were subjected to AFLP analysis using the restriction enzyme combination ApaI/ TaqI and the primer combination A03/T03. The reference strains had been previously subjected to either DNA-DNA hybridization or 16S-23S rRNA spacer region gene sequence analysis and were regarded as being accurately classified at the species level. The present study revealed that six of these strains should be reclassified, namely Gluconacetobacter europaeus LMG 1518 and Gluconacetobacter xylinus LMG 1510 as Gluconacetobacter xylinus and Gluconacetobacter europaeus, respectively; Gluconacetobacter kombuchae LMG 23726 T as Gluconacetobacter hansenii; and Acetobacter orleanensis strains LMG 1545, LMG 1592 and LMG 1608 as Acetobacter cerevisiae. Cluster analysis of the AFLP DNA fingerprints of the reference strains revealed one cluster for each species, showing a linkage level below 50 % with other clusters, except for Acetobacter pasteurianus, Acetobacter indonesiensis and Acetobacter cerevisiae. These three species were separated into two, two, and three clusters, respectively. At present, confusion exists regarding the taxonomic status of Gluconacetobacter oboediens and Gluconacetobacter intermedius; the AFLP data from this study supported their classification as separate taxa. The 15 additional strains could all be identified at the species level. AFLP analysis further revealed that some species harboured genetically diverse strains, whereas other species consisted of strains showing similar banding patterns, indicating a more limited genetic diversity. It can be concluded that AFLP DNA fingerprinting is suitable for accurate identification and classification of a broad range of AAB, as well as for the determination of intraspecific genetic diversity.
described as human pathogens (Greenberg et al., 2006; Kersters et al., 2006; Tuuminen et al., 2007) .
At the time of writing, AAB are classified into ten genera comprising 52 recognized species in the family Acetobacteraceae of the class Alphaproteobacteria, i.e. the genera Acetobacter (19 species), Acidomonas (1 species), Asaia (4 species), Gluconacetobacter (16 species), Gluconobacter (7 species), Granulibacter (1 species), Kozakia (1 species), Neoasaia (1 species), Saccharibacter (1 species) and Swaminathania (1 species) Dutta & Gachhui, 2007; Ndoye et al., 2007; Malimas et al., 2007 Malimas et al., , 2008a Yamada & Yukphan, 2008) .
Multiple studies have shown that accurate identification of AAB isolates is difficult (Moore et al., 2002; Greenberg et al., 2006; Kersters et al., 2006; Tuuminen et al., 2006; . While identification to the genus level can generally be achieved by 16S rRNA gene sequence analysis and/or some phenotypic tests (Kersters et al., 2006; Yamada & Yukphan, 2008 ), identification to the species level can be problematic (Kersters et al., 2006; . Species identifications based solely on phenotypic data are not recommended and, for this reason, several authors have advised the use of genotypic data as the basis for species identification of AAB .
In the last decade, researchers have therefore increasingly abandoned phenotypic tests or have complemented them by the use of molecular DNA-based methods. DNA-DNA hybridizations and sequence analysis of 16S rRNA genes, 16S-23S rRNA gene spacer regions and genes such as adhA [encoding subunit I of pyrroloquinoline quinone (PQQ)-dependent alcohol dehydrogenase] and recA (encoding the DNA repair protein RecA) have been applied, as well as DNA fingerprinting techniques such as RFLP analysis of PCR-amplified rRNA (mainly 16S rRNA genes and 16S-23S rRNA gene spacer regions), randomly amplified polymorphic DNA (RAPD) fingerprinting, rep-PCR using the (GTG) 5 , REP (repetitive extragenic palindromic sequences) and ERIC (enterobacterial repetitive intergenic consensus sequences) primers, PFGE and plasmid profiling (reviewed by . However, for many methods, the taxonomic resolution is not completely clear, because its evaluation has often been based on a set of strains with insufficient representatives per taxon and lacking phylogenetic relatives. Nevertheless, it is likely that the resolution power of techniques based on 16S rRNA genes will not reach the species level, especially since high 16S rRNA gene sequence similarities have been found between several species of the family . For rapid identification and classification of a broad range of AAB, the most appropriate technique at present appears to be rep-PCR using the (GTG) 5 primer .
Amplified fragment length polymorphism (AFLP) DNA fingerprinting, a universally applicable technique with a high discriminatory power and good reproducibility (Janssen et al., 1996; Savelkoul et al., 1999) , has proved to be useful for discrimination at the species level and below in various taxa such as the genera Aeromonas, Acinetobacter, Campylobacter, Xanthomonas (Savelkoul et al., 1999) , Vibrionaceae (Thompson et al., 2001) , Bradyrhizobium (Willems et al., 2001) , Arcobacter (On et al., 2003) and Pantoea (Brady et al., 2007) .
In the present study, 150 AAB (Table 1) , representing 50 recognized species of the family Acetobacteraceae, were analysed by AFLP DNA fingerprinting, with the aim of investigating whether this technique could deliver fast and accurate identification and classification of AAB to the species level. For 135 of these strains, DNA-DNA hybridization data or 16S-23S rRNA gene spacer region sequence analysis data have been reported previously (Urakami et al., 1989; Sievers et al., 1992; Boesch et al., 1998; Sokollek et al., 1998; Franke et al., 1999; Navarro et al., 1999; Lisdiyanti et al., 2000 Lisdiyanti et al., , 2001 Lisdiyanti et al., , 2002 Lisdiyanti et al., , 2006 Schüller et al., 2000; Yamada et al., 2000; Fuentes-Ramírez et al., 2001; Katsura et al., 2001; Cleenwerck et al., 2002 Cleenwerck et al., , 2007 Cleenwerck et al., , 2008 Trček & Teuber, 2002; Loganathan & Nair, 2004; Jojima et al., 2004; Yukphan et al., 2004 Yukphan et al., , 2005 Dellaglio et al., 2005; Muthukumarasamy et al., 2005; Sievers & Swings, 2005; Dutta & Gachhui, 2006 , 2007 Greenberg et al., 2006; Silva et al., 2006; Takahashi et al., 2006; Camu et al., 2007; Malimas et al., 2007; Ndoye et al., 2007; . Therefore, these strains were assumed to be accurately classified at the species level and were regarded as reference strains for the purpose of this study. The 150 strains used in this study were obtained from the BCCM/LMG Bacteria Collection and the Research Collection of the Laboratory of Microbiology (LM-UGent) or were kindly provided by the German Collection of Microorganisms and Cell Cultures (DSMZ). They were cultivated on GY (5 % glucose, 1 % yeast extract, 1.5 % agar; w/v) or GYAE (5 % glucose, 1 % yeast extract, 1.5 % agar; w/v; 2 % ethanol, 1 % acetic acid; v/v; the latter two components were sterilized separately by filtration and added aseptically to the autoclaved medium) and in some cases on the medium suggested by the provider, by incubation at 28 uC under aerobic conditions. Fluorescent amplified fragment length polymorphism (FAFLP) DNA fingerprinting of whole genomes was performed on genomic DNA extracted following the method of Wilson (1987) with minor modifications. Briefly, a loopful of cells was washed with RS buffer (0.15 M NaCl, 10 mM EDTA, pH 8.0) and then suspended in a 360 ml mix containing 340 ml 10 mM Tris/HCl, 25 mM EDTA, pH 8.0, 16 ml RNaseA solution (10 mg ml
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; Sigma) and 4.0 ml proteinase K solution (Merck). A 40 ml aliquot of preheated (37 u C) SDS/TE solution (20 % SDS in 10 mM Tris/HCl, 1 mM EDTA, pH 8.0; w/v) was added to the mixture and the whole sample was incubated at 37 u C for 60 min. After visual verification of cell lysis, 120 ml 5 M NaCl was added and mixed by inversion, before the addition of 80 ml CTAB/ I. Cleenwerck and others NaCl solution (10 % hexadecyltrimethylammonium bromide in 0.7 M NaCl; w/v). After 20 min incubation at 65 uC, the lysate was subjected to a phenol/chloroform/isoamylalcohol (49 : 49 : 1) extraction using Phase Lock Gel tubes (Eppendorf). A 10 ml aliquot of RNase A solution (10 mg ml
; Sigma) was added to the carefully transferred aqueous phase and after 15-30 min incubation at 37 u C, the solution was again subjected to a phenol/ chloroform/isoamylalcohol (49 : 49 : 1) extraction using Phase Lock Gel tubes. The aqueous phase was carefully transferred and mixed with 500 ml ice-cold 100 % 2-propanol and kept on ice for 15 min. Pellets were collected by centrifugation, washed in ice-cold 70 % ethanol, dried and resuspended in 50-200 ml 0.16TE solution, depending on the size of the pellet. DNA concentration and purity were estimated by measuring the absorptions at 260 nm, 280 nm and 234 nm. DNA concentration and size were additionally verified by agarose gel electrophoresis using a 1 % (w/v) agarose gel. For Gluconacetobacter entanii LTH 4560 T , DNA according to the descriptions of Gluconacetobacter swingsii and Gluconacetobacter rhaeticus (Dellaglio et al., 2005) was used. Template DNA was prepared using the restriction enzyme combination ApaI/ TaqI essentially as described previously (Janssen et al., 1996) . Briefly, 1 mg high-molecular-mass DNA was digested with TaqI/ApaI, followed by ligation of the corresponding double-stranded restriction half-site adaptors (Janssen et al., 1996) using T4 ligase (Amersham Pharmacia Biotech). Template DNA was precipitated in a solution containing 100 ml T0.1E (10 mM Tris/HCl, 0.1 mM EDTA, pH 8.0) and used for selective PCR amplification with the primer combination A03/T03. Both these primers consist of a core region (A-, T-primer core sequences, see Janssen et al., 1996) and a guanine extension at the 39-end. The A03 primer was labelled with the fluorescent label 6-FAM at the 59-end. The amplification mixture contained 1.5 ml template DNA, 0.5 ml 4 mM hexaprimer, 0.5 ml 1 mM tetraprimer and 7.5 ml Amplification Core Mix (Applied Biosystems). The amplification reactions were performed in a GeneAmp PCR system 9700 thermocycler using the 9600 mode (Applied Biosystems) and the temperature program described previously (Thompson et al., 2001) . Selective PCR products were separated using PAGE as described previously (Thompson et al., 2001) . Using GENESCAN 3.1 software (Applied Biosystems), the resulting AFLP DNA fingerprints were tracked and normalized, and bands were assigned and sized. Tables with information on the fragments of 50-536 bp were transferred into the BioNumerics 4.61 software (Applied Maths) for numerical analysis. Fingerprint similarity values were calculated using the DICE coefficient with a position tolerance of 0.2 % to compensate for technical imperfections (optimization tolerance: 0 %), and a dendrogram was constructed using the unweighted pair group method using arithmetic means (UPGMA). The zone between 60 and 500 bp was used for comparison.
AFLP DNA fingerprinting has previously been reported to be a highly reproducible technique, making it very suitable for the generation of databases for identification purposes (Janssen et al., 1996; Savelkoul et al., 1999) . In this study, the AFLP DNA fingerprints of 35 strains were generated twice, starting from a new DNA isolation, and genomic DNA of Gluconacetobacter azotocaptans LMG 21311 T was included in each set of DNA that was subjected to AFLP analyses. The similarity between fingerprints obtained for the same strain, after assignment of bands, ranged between 80 and 95 %, except for strains producing a lot of cellulose, such as Gluconacetobacter swingsii LMG 22125 T and Gluconacetobacter intermedius LMG 18909 T (5DSM 11804 T ). In these cases, the similarity value was sometimes lower (70 %). Nevertheless, AFLP profiles of the same strain still clustered together when all of the AFLP DNA fingerprints generated were considered, except if other strains generated very similar profiles (with band pattern similarity above the reproducibility level), suggesting that the strains could be clonally related.
The AFLP DNA fingerprints of the 150 strains, as well as an UPGMA dendrogram obtained after cluster analysis of these patterns, are shown in Fig. 1 . Most strains (.80 %) generated patterns containing between 40 and 100 bands, evenly distributed in the range of 50-536 bp. Strains generating fewer bands generally belong to the genus Acetobacter. For Acetobacter pasteurianus, the current restriction enzyme combination and primer combination appeared not to be very suitable, as several strains generated profiles containing mainly larger bands (.200 bp; e.g. A13), while others generated less than 15 bands (e.g. A33).
Nevertheless, the reference strains of a particular species generated profiles that grouped in clusters according to their respective taxonomic designations, with only a few exceptions. Firstly, the species Acetobacter pasteurianus and Acetobacter indonesiensis were each divided over two AFLP groups (Table 1 ). Both species have been previously shown to contain genetically diverse strains (Trček & Teuber, 2002; . For Acetobacter pasteurianus, Fig. 1 . AFLP DNA fingerprints of strains representing 50 recognized species of the family Acetobacteraceae (figure has been split over two pages). The dendrogram was constructed with the UPGMA method after calculation of the band pattern similarity (%) using the DICE coefficient. *, strain for which no DNA-DNA hybridization data or 16S-23S rRNA gene spacer region sequence analysis data have (previously) been reported; 3, strain reclassified on the basis of data presented in this study; 4, strain identified on the basis of AFLP DNA fingerprint data obtained in this study.
AFLP DNA fingerprinting of acetic acid bacteria this has also been found to be reflected in the DNA relatedness values which range from 62-90 % (Cleenwerck et al., 2002 T as Gluconacetobacter hansenii. After reassignment of these reference strains, the species Acetobacter cerevisiae splits up over three AFLP groups (Table 1) . Previous studies have suggested that species can be divided over different AFLP clusters (Thompson et al., 2001; Willems et al., 2001 ).
In total, 54 AFLP groups (A1 to A33, containing more than one strain; S1 to S21, each containing one strain) were delineated; each containing strains of the same species and showing a linkage level below 50 % with other groups. Each species was represented by one AFLP group (except for Acetobacter pasteurianus, Acetobacter indonesienis and Acetobacter cerevisiae; see above). Strain LMG 1531 (S6), previously assigned to Acetobacter aceti but removed from this species based on (GTG) 5 -PCR fingerprint data and its low DNA-DNA relatedness (,60 %) with true Acetobacter aceti strains , showed a separate position, hereby confirming its status as a novel genospecies of Acetobacter (Wayne et al., 1987; Stackebrandt et al., 2002) . Overall, the results with the reference strains revealed the potential of AFLP for the identification and classification of AAB at the species level.
Analysis of the AFLP data of the 15 additional strains proved the taxonomic value of this AFLP approach, as all 15 strains could be identified at the species level. Ten strains clustered according to their original taxonomic assignment; while four strains (Acetobacter pasteurianus LMG 1547, Gluconacetobacter intermedius LMG 18907 and LMG 18908, and Gluconacetobacter xylinus LMG 1521) did not (Table 1) ; these appeared all to be misclassified (see below). Finally, LMG 23182, deposited in the BCCM/LMG Bacteria Collection as Acetobacter sp. (Table 1) , could be identified as Acetobacter pasteurianus, a result that was expected from other research (E. J. Bartowsky, personal communication).
The AFLP data revealed, as mentioned above, several strains that did not cluster as expected from their species designation. These strains were subjected to additional tests including DNA-DNA hybridizations if appropriate (see Supplementary Tables S1 and S2 in IJSEM Online). DNA-DNA hybridizations were performed following a modification (Goris et al., 1998; Cleenwerck et al., 2002 ) of the microplate method described by Ezaki et al. (1989) with high-molecular-mass genomic DNA, with A 260 /A 280 and A 234 /A 260 absorption ratios of 1.8-2.0 and 0.40-0.60 DNA, prepared according to the method of Wilson (1987) with minor modifications (Cleenwerck et al., 2002) . The hybridization temperature was 48 u C and hybridizations were performed in the presence of 50 % formamide. Reciprocal reactions (e.g. A6B and B6A) were performed for every pair of DNA samples and their variation was found to be within the limits of this method (Goris et al., 1998) . The additional tests revealed ten strains that have to be reclassified (see below).
Strains LMG 1545 (A29), LMG 1592 (A29) and LMG 1608 (A25) were classified as Acetobacter orleanensis, mainly on the basis of DNA-DNA hybridization data (Lisdiyanti et al., 2000) , however their AFLP DNA fingerprints clustered with those of Acetobacter cerevisiae strains, instead of with that of Acetobacter orleanensis LMG 1583 T ( Fig. 1 Supplementary Table S1 ). Strain LMG 1592 should also be reclassified as Acetobacter cerevisiae as its AFLP DNA fingerprint showed .80 % band pattern similarity with that of LMG 1545.
Strains LMG 1518 (A14) and LMG 1510 (A16) were classified as Gluconacetobacter europaeus and Gluconacetobacter xylinus, respectively, on the basis of DNA-DNA hybridization data and (GTG) 5 PCR DNA fingerprint data . In the present study, AFLP analyses were performed for both strains starting from two newly opened LMG ampoules and on the DNA samples used in the study of . The DNA fingerprint data revealed that strains LMG 1518 and LMG 1510 should be reassigned to Gluconacetobacter xylinus and Gluconacetobacter europaeus, respectively. The previous taxonomic conclusions appear to have been based on erroneous results (suggesting a switch during DNA isolation or strain cultivation).
Strain LMG 23726
T (A20) is the type strain and only strain of Gluconacetobacter kombuchae (Dutta & Gachhui, 2007) . Its AFLP DNA fingerprint clustered with the AFLP patterns of strains belonging to Gluconacetobacter hansenii, its phylogenetically nearest neighbour (99.4 % 16S rRNA gene sequence similarity), indicating that these strains could actually represent the same species and that the names are synonymous. Additional tests confirmed this synonymy. First, a nearly complete 16S rRNA gene sequence of Gluconacetobacter kombuchae LMG 23726 T was determined (1441 nucleotides, GenBank accession no. AM999342) following the protocol described by Franz et al. (2006) Centre, Japan; NRIC, NODAI Culture Collection Center, Tokyo University of Agriculture, Japan. A., Acetobacter; Ac., Acidomonas; As., Asaia; G., Gluconacetobacter; Gl., Gluconobacter; Gr., Granulibacter; K., Kozakia; N., Neoasaia; S., Saccharibacter; Sw., Swaminathania.
Strain numbers
Species Dellaglio et al. (2005) and .70 % according to Sievers & Swings (2005) and Lisdiyanti et al. (2006) . AFLP DNA fingerprinting of acetic acid bacteria using the primers *Gamma, *PD, *O, *3, *R, pA, Gamma, 3 and BKL1 (Coenye et al., 1999; Cleenwerck et al., 2007 T revealed a DNA relatedness value of 81 % in the present study, which is clearly above the 70 % threshold (Wayne et al., 1987; Stackebrandt et al., 2002) and much higher than the 25 % DNA relatedness reported by Dutta & Gachhui (2007) . Phylogenetically, Gluconacetobacter kombuchae and Gluconacetobacter hansenii belong to the Gluconacetobacter xylinus branch (Dutta & Gachhui, 2007; Yamada & Yukphan, 2008) , which contains several species showing ¢99.4 % 16S rRNA gene sequence similarity. DNA relatedness values between closely related species of this cluster are generally intermediate (see Supplementary Table S2 ). Thirdly, the G+C content of DNA prepared for DNA-DNA hybridization was determined for both strains by HPLC according to the method of Mesbah et al. (1989) and was 59.4 mol% for LMG 1527 T and 59.5 mol% for LMG 23726 T , the latter being definitely higher than the 55.8 mol% value reported by Dutta & Gachhui (2007) . Fourthly, the species description of Gluconacetobacter hansenii was emended recently by Lisdiyanti et al. (2006) ; among ten strains previously assigned to this species, only three strains were shown to actually be members of the species . These three strains (LMG 1524 , LMG 1527 T and LMG 1528) as well as Gluconacetobacter kombuchae LMG 23726 T , were investigated for the phenotypic characteristics that have been reported to enable differentiation of both these species from the other species of the Gluconacetobacter xylinus branch. The production of 2-keto-D-gluconic acid and 5-keto-D-gluconic acid from D-glucose was determined by the method described by Gosselé et al. (1980) using high pressure anion-exchange chromatography with conductivity detection under ion suppression (Van der Meulen et al., 2006) instead of TLC. Growth on the carbon sources ethanol, sucrose, sorbitol and D-mannitol; growth in the presence of 30 % D-glucose; production of acid from galactitol, and production of cellulose were examined by previously reported methods (Cleenwerck et al., 2002; Lisdiyanti et al., 2006) . All four strains produced 2-ketoand 5-keto-D-gluconic acid from D-glucose, produced acid from galactitol and were able to grow on D-sorbitol and Dmannitol as energy sources. Growth on the energy sources ethanol and sucrose was variable (LMG 1527 T grew weakly on ethanol, but not on sucrose), as well as growth in the presence of 30 % D-glucose (LMG 1527 T grew weakly in 30 % D-glucose). Cellulose production was clearly noticed for LMG 23726
T , but could not be confirmed for LMG 1524. In general, most previous phenotypic findings were confirmed. Fifthly, according to Dutta & Gachhui (2007) , the major difference between the type strain of Gluconacetobacter kombuchae and related gluconacetobacters was its ability to fix nitrogen. These authors confirmed the presence of the nifH gene in Gluconacetobacter kombuchae by PCR with the degenerate primers 19F and 407R (Franke et al., 1998) and sequencing of the amplified PCR product (Dutta & Gachhui, 2007) . In this study, the four strains all generated a PCR product of the same size (~600 bp) using the degenerate primers used by Dutta & Gachhui (2007) (data not shown), indicating the presence of the nifH gene in all of these strains. The data presented clearly show that Gluconacetobacter kombuchae is a later heterotypic synonym of Gluconacetobacter hansenii, with the name Gluconacetobacter hansenii having priority over the name Gluconacetobacter kombuchae according to Rules 38 and 42 of the Bacteriological Code (Lapage et al., 1992) .
Strain LMG 1547 (A30) was classified as Acetobacter pasteurianus by Gosselé et al. (1983) based on its position in subphenon E, established on the basis of numerical analysis of 177 phenotypic features. Its AFLP DNA fingerprint showed considerable resemblance (~55 % band pattern similarity and clear visual similarity) to that of Acetobacter orientalis LMG 21417 T . DNA hybridizations between both strains revealed 100 % DNA relatedness, proving that strain LMG 1547 is in fact a member of Acetobacter orientalis.
Strains LMG 18907 and LMG 18908 (A21) were classified as Gluconacetobacter intermedius on the basis of SDS-PAGE data of their soluble proteins (Boesch et al., 1998) . However, their AFLP DNA fingerprints showed more similarity with the AFLP patterns of strains of Gluconacetobacter oboediens. At present, confusion exists concerning the taxonomic status of Gluconacetobacter oboediens and Gluconacetobacter intermedius, due to discrepancies in the DNA relatedness values reported for their type strains . Gluconacetobacter oboediens and Gluconacetobacter intermedius were described around the same time in the same year (Boesch et al., 1998; Sokollek et al., 1998) and were hence not compared with each other upon description. Later studies revealed that they were phylogenetically closely related species of the Gluconacetobacter xylinus branch (Dellaglio et al., 2005; Lisdiyanti et al., 2006; Yamada & Yukphan, 2008) . According to Sievers & Swings (2005) and Lisdiyanti et al. (2006) , the names should be regarded as synonymous, mainly because a high DNA relatedness value was found between their type strains (76 % and .77 %, respectively). However, according to Dellaglio et al. (2005) , the type strains shared 63 % DNA relatedness, which was somewhat lower than the 68 % DNA relatedness observed between Gluconacetobacter oboediens LMG 18849 T and Gluconacetobacter europaeus LMG 18890
T (see Supplementary Table S2 ), suggesting that both species should remain separate. The AFLP DNA fingerprint data supported the conclusion based on the DNA relatedness of 63 % between the type strains. In this I. Cleenwerck and others study, additional tests were therefore performed to clarify the taxonomic status of both species. Firstly, Gluconacetobacter intermedius DSM 11804 T and Gluconacetobacter oboediens DSM 11826 T , used in the hybridization study of Lisdiyanti et al. (2006) , were analysed by AFLP and their patterns were found to cluster with those of Gluconacetobacter intermedius LMG 18909 T and Gluconacetobacter oboediens LMG 18849 T , respectively, with a similarity higher than the reproducibility level. Secondly, the strains of the species of the Gluconacetobacter xylinus branch were subjected to (GTG) 5 -PCR DNA fingerprinting following a previously described protocol . Clustering of the (GTG) 5 DNA fingerprints ( Supplementary Fig. S1 T and strains of AFLP group A21, containing the type strain of Gluconacetobacter oboediens, whereas values ranging from 68 to 100 % were obtained between strains of AFLP group A21 (Supplementary Table S2 ). Together, the data support the conclusion that Gluconacetobacter intermedius and Gluconacetobacter oboediens should not be regarded as synonymous. Consequently, strains LMG 18907 and LMG 18908 should be reclassified as members of the species Gluconacetobacter oboediens. Interestingly, the type strain of Gluconacetobacter intermedius was isolated from Kombucha, whereas the strains of AFLP cluster A21 with a known origin, were isolated from vinegar.
Strain LMG 1521 (A16) was classified as Acetobacter xylinus (5Gluconacetobacter xylinus) on the basis of phenotypic data (Gosselé et al., 1983) . However Boesch et al. (1998) noticed that this strain reacted with the oligonucleotide probe 23seu, developed for Gluconacetobacter europaeus. The AFLP data confirm its classification as Gluconacetobacter europaeus.
It is clear from the results presented above that AFLP DNA fingerprinting enables the accurate identification and classification of a broad range of AAB at the species level. Besides this, AFLP analyses appear to be useful for the determination of genetic diversity amongst strains of the same species. In Fig. 1 it can be noticed that the AFLP patterns of strains belonging to a particular species and containing more than 40 bands generally group at a linkage level of 50 % or more. Those with fewer bands generally cluster at a lower linkage level, as can be seen for several species of the genus Acetobacter, with three of them being split up in several AFLP groups. Also, Janssen et al. (1996) noticed that the linkage levels of some clusters dropped significantly if the number of bands in the AFLP patterns decreased. These data indicate that AFLP DNA fingerprints with less than 40 bands are more discriminatory at the intraspecies level and are less suitable for species-level identification.
Nevertheless, some conclusions regarding the intraspecific genetic diversity can be made from the data reported. For instance, several species, such as Gluconacetobacter oxydans (A10), Acetobacter pasteurianus (A13, A33), Gluconacetobacter frateurii (A18), Gluconacetobacter cerinus (A19), Acetobacter indonesienis (S12, A32) and Acetobacter cerevisiae (A25, A29, S20) harbour genetically diverse strains, whereas other species, such as Gluconacetobacter diazotrophicus (A3), Acetobacter krungthepensis (A7), Gluconacetobacter albidus (A8), Gluconacetobacter azotocaptans (A9), Gluconacetobacter johannae (A11), Acetobacter aceti (A12), Acetobacter estunensis (A15), Gluconacetobacter thailandicus (A17) and Gluconacetobacter hansenii (A20), harbour strains that generate quite homogeneous AFLP patterns. For the Gluconobacter strains, the AFLP data correlate very well with the results of Takahashi et al. (2006) based on 16S-23S rRNA gene spacer region sequence analysis data. For the species appearing to have a limited genetic diversity, AFLP analyses of additional strains (if available) and with other primer combinations (such as A01/T03) are advised to gain a deeper understanding of their genetic diversity. A previous study showed that a better insight into the genetic diversity of Gluconacetobacter diazotrophicus was obtained when more isolates from sugar cane, as well as from other host plants such as sweet potato and from the mealybug, Saccharococcus sacchari, were investigated (Caballero-Mellado et al., 1995) . Other studies have stated that highly related strains may be distinguished by AFLP when the appropriate set of selective primers is used (e.g. Janssen et al., 1996) . This study further revealed strains with very similar AFLP DNA fingerprints, grouping together at a linkage level of 80 % or more, e.g. Gluconacetobacter liquefaciens LMG 1381 T and LMG 1348 (A2). These strains may be clonally related, especially if they were isolated from the same source at the same site in the same year. In this perspective, it is interesting to note that the four Gluconacetobacter thailandicus strains (A17) that showed very similar AFLP patterns had different geographical origins. Two strains were recently isolated from flowers collected in Thailand (LMG 23137 T and LMG 23138), whereas the other two strains were isolated in 1941 from Fragaria ananassa in Japan (LMG 1486 and LMG 1487) . For all these strains, additional analyses, such as AFLP using other primer combinations or PFGE, are needed to determine whether these strains are indeed clonally related.
In conclusion, the data in this study demonstrate that AFLP DNA fingerprinting permits the accurate identification and classification of a broad range of AAB at the species level. In addition, AFLP DNA fingerprinting appears to be useful for determining intraspecific genetic diversity. The technique can be regarded as valuable for the taxonomy of AAB.
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